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1. Introduction 

The implication of mitochondrial protein thiols has 
been postulated in several functions: coupling mech- 
anism, transport, conformations changes, dehydro- 
genases, etc.. A general review concerning these topics 
has been published recently [ 11. In order to localize 
these SH-groups it is necessary to evaluate the pene- 
trability of SH reagents through the inner membrane; 
this was done by measuring, in the presence of different 
thiol reagents in isotonic conditions and varying the 
experimental conditions, the amount of free reduced 
(GSH) and oxidized (GSSG) glutathione in the matrix 
compartment. These results put forward two types 
of reagents: penetrant and non-penetrant thiol rea- 
gents. The use of these two types permits to localize 
the rat liver mitochondrial D(-)-fl-hydroxybutyrate 
dehydrogenase on the inside part of the inner mem- 
brane. Non penetrant thiol reagents do not inhibit the 
D(-)-/_%hydroxybutyrate oxidation in intact mitochon- 
dria but only in sonicated mitochondria whereas 
penetrant thiol reagents inhibit immediately with 
intact mitochondria. This location is confirmed by 

*These results have been presented at the meeting organized 
by the Societe de Chimie Biologique, ‘Form des Jeunes’, 

Montpellier, 5-7 September 1974. 

Abbreviations: GSH and GSSG, reduced and oxidized ghrta- 

thione respectively; DSSD and DSH represent the oxidized 

and reduced form, respectively of Ellman reagent; G.R., 

glutathione reductase (EC 1.6.4.2.); TCA, trichloracetic acid; 

BOH, D(-)-p-hydroxybutyrate; AcAc, acetoacetate; Rot, 

rotenone; CCCP, carbonyl cyanide m-chlorophenylhydrazone; 

Pi, inorganic phosphate. 

measuring NADH oxidation in the presence of 
acetoacetate with intact and sonicated mitochondria. 

2. Materials and methods 

Rat liver mitochondria (washed three times) were 
isolated in 0.25 M sucrose buffered with 1 mM 
Tris-HCl at pH 7.4 according to Weinbach [2]. 
Sonicated mitochondria were obtained by sonication 
(Braunsonic 300 Homogenisator) of intact mitochon- 
dria 30 set at maximum input, temperature 4°C. The 
protein content is estimated using the ‘quick biuret’ 

method [3] with bovine serum albumin as reference. 
Reduced and oxidized ghrtathione were estimated by 
the method of Tietze [4] based on the catalytic action 

of GSH or GSSG in the reduction of Ellman reagent 
(DTNB) [ 51 by a mixture of NADPH and yeast 
glutathione reductase. The different experimental 
steps of the method used are shown in fig. 1. Oxygen 
consumption was estimated polarographically using 
a Clark oxygen electrode (Gilson medical electronics). 
NADH oxidation is measured at 366 nm using an 
Eppendorf photometer coupled to an Eppendorf 
Recorder 6511. The respiratory medium is described 
by Ernster [6]. All chemicals used were products of 
the highest available grade. 

3. Results and discussion 

High reactive glutathione [7,8] represents main 
non protein-thiol in mitochondria [9,10] and may 
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Fig.1. Experimental method for the estimation of the mito- 
chondrial glutathione content. 

be a reservoir of reducing equivalents. We found that 
rat liver mitochondria contain GSH and GSSG (5-6 
nmol and 0.1-0.4 nmol respectively per mg protein) 
in agreement with other results [7,8]. Using fluoro- 
metric method (not entirely specific) Jocelyn and 
Kamminga [ 1 l] found about twice as much. Figure 
2 shows the different thiol reagents tested; disultides: 
DTNB, CPDS; mercurials: PCMB, mersalyl; alkylating 
reagents: NEM, iodoacetate, ethacrynate, 3-chloro- 
ethacrynate and dihydroethacrynate (not thiol reagent). 

Figure 3 shows that NEM, ethacrynate and 3-chloro- 
ethacrynate strinkingly decrease the content of free 

reduced glutathione while DTNB, CPDS, PCMB, 
mersalyl give only slight effect. Iodoacetate decreases 
about haIf the content of GSH, dihydroethacrynate 
(not thiol reagent) has no effect. In all experiments 
the amount of oxidized glutathione is not significantly 
modified. There is no significant variation in our 
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Fig.2. Different thiol reagents tested. 
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Fig.3. Free reduced glutathione content in rat liver mitochon- 
dria incubated with different thiol reagents. Experimental 
conditions see fig. 1. Incubation time 10 mm; thiol reagents, 
2.10+ M. 
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Fig.4. Influence of incubation time (A) and thiol reagent concentration (B) on the reaction between mitochondrial GSH and 

different thiol reagents. Experimental conditions see fig.1. A: Thiol reagents concentration 2.1O-5 M B: Incubation time: DTNB 

and mersalyl 10 min; NEM and ethacrynate 2 min. 

results whatever the respiratory state is. 
Figure 4A shows that NEM and ethacrynate 

penetrate readily into the matrix (NEM being much 
faster than ethacrynate) while mersalyl and DTNB 
are very poor penetrants. Figure 4B shows the 
influence of reagents concentration on the penetra- 
tion and confirms the preceding results. 

It has been checked by optical density measurement 
and by electron microscopy (not shown) that, in our 
conditions, both NEM and ethacrynate do not induce 
any mitochondrial swelling. This point is important 
since the swelling could have permitted the reaction 
between these reagents and intramitochondrial GSH. 

These results show clearly that there are two types 
of thiol reagents, those which cannot react with the 
rat liver intramitochondrial GSH; DTNB, CPDS, 
mersalyl, PCMB because non-penetrant, and those 
which react more or less quickly with GSH: NEM, 
ethacrynate, 3-chloro-ethacrynate and iodoacetate, 

these are penetrant thiol reagents. This work confrims 
previous results obtained with CPDS [ 121 and 
ethacrynate [13-l 51 on different mitochondrial 
functions. Vignais et al. [7,8] have shown that fuscin 
and avenaciolide are penetrant thiol reagents whereas 
ASPM (N-(N-acetyl-4-sulfamoylphenyl)-maleimide) is 
a non-penetrant thiol reagent. 

Table 1 

Inhibition of D(-)-p-hydroxybutyrate in rat liver mitochondria by thiol reagents 
_____-- -._ 

Conditions Intact mitochondria Sonicated mitochondria 

Oxidation rate Inhibition % Oxidation rate Inhibition % A % inh. 

Control 10.75 43 

DTNB 8.1O-5 M 8.9 18 5.4 87 f 69 

DTNB 1.6.10-4 M 8.4 22 7.15 84 + 62 
CPDS 4.10- 5 M 9.8 10 7.2 83 + 73 

CPDS 2.10-4 M 9.6 12 4.3 90 + 78 

Mersalyl 2.10e5 M 8.85 18 12.5 71 + 53 

NEM 2.4.10-5 M 7.35 32 26 40 + 8 
EA 8-10-4 M 5.2 52 3.6 82 + 30 

Mitochondria (2.8 mg protein) are incubated at 30°C in the respiratory medium pH 7.4 describ- 
ed by Ernster [6]. BOH, 4 mM. Intact mitochondria: ADP, 0.16 mM; Pi, 4 mM. Sonicated 

mitochondria: NAD, 0.4 mM. Oxidation rate is expressed in n.at0mes.g 0, .min-’ .mg protein-’ . 
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The existence of two types of thiol reagents, 

penetrant and non-penetrant, allowed us to localize 
the rat liver mitochondrial D(-)-P_hydroxybutyrate 
dehydrogenase (EC 1.1.1.30) this enzyme is tightly 
bound to the inner membrane [ 161 and very reactive 
SH-groups are present in the active center [ 171. 

Table 1 shows the inhibition of D(-)$hydroxy- 
butyrate oxidation by thiol reagents in intact and 
sonicated mitochondria. DTNB, CPDS, and mersalyl 
poorly inhibit the oxidation in intact mitochondria 
whereas in sonicated mitochondria the inhibition is 
very strong. NEM and ethacrynate inhibit the oxida- 
tion in both types of mitochondria. These results show 
that the D(-)$-hydroxybutyrate dehydrogenase is 
located on the matrix face of the inner mitochondrial 
membrane. This conclusion is confirmed with the 
experiment (fig.5) where NADH oxidation is induced 
by acetoacetate, it is known that acetoacetate pene- 
trates easily in mitochondria [ 181 whereas NADH 

cannot penetrate [ 191. 

As can be seen, acetoacetate can oxidize NADH 
only in sonicated mitochondria, if the enzyme was 
located outside the inner membrane NADH would be 
oxidized by acetoacetate in intact mitochondria. The 

Fig.5. NADH oxidation by acetoacetate in intact and sonicated 

mitochondria. Experimental conditions: intact and sonicated 

mitochondria (2.8 mg proteins) are incubated at 30°C in the 
medium (2.5 ml) pH 7.4 described by Ernster 161. Intramito- 

chondrial NADH is oxidized by addition of CCCP, the respi- 
ratory chain is blocked with rotenone. 

addition of cholate to intact mitochondria induces 
NADH oxidation, in these conditions, the inner 
membrane being more or less destroyed, the enzyme 

is accessible. 

All these results suit with the localization of 

D(-)$hydroxybutyrate dehydrogenase on the matrix 
face of the inner membrane. 

The existence of penetrant and non-penetrant 
SH-reagents appears of great interest, because, as far 
as an enzyme exhibits essential SH-groups, it should 
be possible, using the same approach, to localize this 
enzyme in different cytoplasmic organelles containing 
glutathione. 
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